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USE OF GLUCOSYLCERAMIDE SYNTHESIS INHIBITORS IN THERAPY 

The present invention provides the use of inhibitors of glycolipid synthesis in the 
manufacture of medicaments for use in the treatment of conditions such as Niemann-Pick 
5 C storage disease, Alzheimer's disease, epilepsy, stroke and Parkinson's disease. In 
particular, the use of N-butyldeoxynojirimycin is provided. 

Niemann-Pick Type C (NPC) disease, which is also known as Niemann-Pick disease with 
cholesterol esterification block, is an autosomal recessive storage disorder of cholesterol 

10 metabolism. NPC patients generally appear normal for the first few years of life. 

However, organomagly of the liver and spleen soon emerge, and may result in jaundice 
or other symptoms of dysfunction. NPC patients also gradually develop neurologic 
abnormalities such as ataxia, tremors, seizures, and loss of speech, cognitive and motor 
skills, and difficulty with upward and downward eye movements. Impairment 

15 progresses, particularly resulting from increasing neural degeneration, and death usually 
occurs by 5-15 years of age. 

Vanier et al. (1991) reported that Niemann-Pick Type C is heterogeneous, suggesting the 
possibility that more than one genetic mutation gives rise to the disease. Molecular 

20 studies recently substantiated this possibility. A gene most commonly mutated in 

Niemann-Pick Type C patients has been identified as NPC1 and mapped <o I8qll-ql2 
(Carstea et a/., 1997). The NPC1 gene encodes a protein of 1,278 amino acids, and 
bears some sequence homology to the putative sterol-sensing regions of SREBP cleavage- 
activating protein and 3-hydroxy-3-methylglutaryl coenzyme A reductase <Carsiea rf a/., 

25 1997). A specific function for the NPC1 gene product is unknown at this time, although 
biochemical studies are suggestive that NPC1 gene mutations somehow disturbs 
cholesterol metabolism. For example, NPC cells are blocked in cholesterol 
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esterification, but also do not effectively translocate cholesterol from lysosomes to other 
intracellular organelles (Pentchev et al. 1985, Sokol etal., 1988). 

Evidence for a second possible gene mutated in Niemann-Pick type C has been 
5 described, although it has not yet been identified (Steinberg et al. 9 1994). Patients with 
NPC1 mutations have been subclassified as having Niemann-Pick type CI disease, while 
patients with other mutated gene(s) as having Niemann-Pick type C2 disease. There is 
no known difference between the clinical courses of type CI and C2 patients, and they 
appear to respond in the same way to disease treatments. In addition, the C1/C2 
10 subclassification is not universally applied. Therefore, Niemann-Pick Type C diseases 
originating from NPC1 or other gene mutations are collectively referred to as NPC here. 

Biochemical findings for NPC patients show a marked accumulation of cholesterol in the 
liver and spleen. The liver and spleen show elevated sphingomyelin levels. However, 
15 sphingomyelinase activity remains normal in these tissues. This finding distinguishes 
NPC from Niemann-Pick Types A and B diseases which are caused by lysosomal 
sphingomyelinase mutations, and so present with markedly reduced levels of this 
enzyme. 

20 In addition to the liver and the spleen, other cells of NPC patients store cholesterol as 

well. For example, bone marrow cells take on a characteristic foamy appearance due to 
the presence of large numbers of storage inclusions, while eye and skin cells typically are 
less affected. Neuronal cells store some cholesterol, although glycolipid accumulation, 
particularly GM2 ganglioside, predominates. 

There is as yet no accepted treatment for NPC disease. Given the observations 
supporting NPC disease's origin in a cholesterol metabolism defect, most treatment 
attempts have focused on reducing cholesterol storage (Sylvain ex a/, 1994, Pedkar. 
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Neurol 10:228-32, Patterson et al t 1993, Neurology, 43:61-4). However, restricting 
cholesterol intake or treating patients with a range of cholesterol-lowering drugs has had 
puzzlingly little effect on the tissue storage levels of this material, and no apparent effect 
on the disease's progress. 

5 

The perception in the art is that the glycolipid accumulation component of NPC 
disease is a secondary effect of the cholesterol metabolism defect component <see for 
example Chapter 85 in The Metabolic and Molecular Bases of Inherited Disease, 7* 
edition, McGraw-Hill Inc, New York, pp 2625-2639 (1995), Loftus etal, 1997, 
10 Science, 277: 232-235). Thus, until now, little attention has focussed on treating 
this component of the disease. 

Affected neuronal cells in NPC patients undergo morphologic changes including the 
development of fibrillar tangles that are structurally similar to those seen in 

15 neurodegenerative disorders such as Alzheimer's disease and tuberous sclerosis. The age 
of onset and the rapidity of neuronal deterioration in NPC patients can vary considerably. 
The mechanism underlying these neurologic changes is unknown. It has been proposed 
that elevated levels of GM2, such as that seen in NPC patient neurons, may induce 
ectopic dendritic proliferation and meganeurite formation (Goodman and Walkley (1996) 

20 Brain Res Dev Brain Res 93: 162-71), and dendritogenesis and neuron changes correlate 
well with disease severity in a feline model of NPC (March et al % 1997). 

The imino sugar N-butyldeoxynojirimycin (NB-DNJ) is a potent inhibitor of alpha- 
glucosidase 1 (involved in N-glycan synthesis), and an even more potent inhibitor of 
25 glucosylceramide glucosyltransferase. NB-DNJ is currently undergoing clinical trials as 
a treatment for Gaucher and Fabry diseases, glycolipid storage disorders resulting from 
mutations in glucocerebrosidase and alpha-galactosidase A, respectively (see Figure 1 of 
the accompanying drawings). The rationale underlying these clinical trials is based on 
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the observation that cells treated with NB-DNJ produce markedly reduced 
glucosylceramide levels because of the molecule's inhibition of glucosylceramide 
synthesis (see Figure 1 of the accompanying drawings). Thus, the clinical trials are 
determining whether patient health benefits could be achieved by balancing a NB-DNJ 
induced decrease in the rate of glucosylceramide synthesis against the impaired rate of 
glycolipid clearance seen in Gaucher and Fabry disease patients. 

We have now found that neuronal glycolipid storage seen in NPC patients, for instance, 
may also be reduced by NB-DNJ treatment. As demonstrated herein, NB-DNJ markedly 
reduces clinical and pathological symptoms in feline and murine models of NPC. 

Thus, in a first aspect, the present invention provides the use of an inhibitor of 
glucosylceramide synthesis in the manufacture of a medicament for use in the treatment 
of Niemann-Pick type C disease. 

In the context of the present invention, the term "inhibitor" includes molecules such as 
N-butyldeoxynojirimycin, N-butyldeoxygalactonojirimycin, N-nonyldeoxynojirimycin 
and other imino sugar- structured inhibitors of glucosylceramide synthesis. However, in 
addition, it also includes other inhibitors of glycosylceramide synthesis, including agents 
such as l-phenyl-2^ecanoylamino-3-morpholino-l-propanol (PDMP), D-threo-l-pbenyl- 
2-decanoylamino-3-morpbolino-l-propanol and structurally related analogues thereof. 
Furthermore, inhibition can also be achieved by the use of genetic approaches, based on 
the introduction of nucleic acid coding for proteins or peptides capable of inhibiting 
glucosylceramide synthesis or antisense sequences or catalytic RNA capable of 
interfering with the expression of enzymes responsible for glucosylceramide synthesis 
(e.g. glucosylceramide synthase). A combination of any of the above approaches can be 
used. 
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In a second aspect, the present invention provides the use of N-butyldeoxynojirimycin in 
the manufacture of a medicament for use in the treatment of Niemann-Pick type C 
disease. 

5 In a third aspect, the present invention provides the use of an agent capable of increasing 
the rate of neuronal glycolipid degradation in the manufacture of a medicament for use in 
the treatment of Niemann-Pick type C disease. Examples of such agents include enzymes 
which degrade neuronal glycolipids, e.g. lysosomal hexoseaminidases, galactosidases, 
sialidases and glucosylceramide glucosidase, and molecules which increase the activity of 
10 such enzyme. In addition, the agent could comprise a nucleic acid sequence (DNA or 
RNA) which codes for the enzymes mentioned above, i.e. such sequences could be 
introduced to increase natural production of such enzymes. 

Lipid metabolism also plays a critical role in other neuronal disorders, such as 
15 Alzheimer's disease and epilepsy. As mentioned above, NPC patient neurons present 

with fibrillar tangles reminiscent of the morphology seen in Alzheimer's disease. 

Interestingly, GM1 ganglioside binding by amyloid beta-protein induces conformational 

changes that support its formation of fibrous polymers, and the fibrillar deposition of this 

protein is an early event in Alzheimer's disease (Yanagisawa et al (1995) Nat Med 
20 1: 1062-6, Choo-Smith et al (1997) Biol Chem 272:22987-90). Thus, decreasing GM1 

synthesis with agents such as NB-DNJ could inhibit the fibre formation seen in 

Alzheimer's disease. 

Thus, in a fourth aspect, the present invention provides the use of an inhibitor of 
25 glucosylceramide synthesis in the treatment of Alzheimer's disease. 

Thus, in a fifth aspect, the present invention provides the use of an inhibitor of 
glucosylceramide synthesis in the treatment of epilepsy. 
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In a sixth aspect, the present invention provides the use of an agent capable of increasing 
the rate of neuronal glycolipid degradation in the manufacture of a medicament for use in 
the treatment of Alzheimer's disease or epilepsy. 

5 

In contrast, preliminary clinical trials have shown that neurodegenerative processes seen 
with Parkinson's disease, stroke and spinal cord injuries seem to improve by treating 
patients with GM1 ganglioside (Alter (1998) Ann N YAcad Sci 845:391^011; Schneider 
(1998) Ann N YAcad Sci 845:363-73; Geisler (1998) Ann N YAcad Sci 84S: 374-81). It 

10 is possible that co-administering glucosylceramide synthesis inhibitors would provide die 
clinician greater control over this treatment course. Inhibitors like NB-DNJ would limit 
patient-specific inconsistencies by blocking their neuronal glycolipid synthesis. In 
addition, inhibiting glucosylceramide synthesis would limit the metabolism of 
administered glycolipids into other, perhaps unproductive, forms. Thus, the ability to 

15 modulate glucosylceramide synthesis with inhibitors such as NB-DNJ may be useftil is 
treatment of a wide variety of neuronal disorders. 

According to an eighth aspect of the present invention, there is provided the use of an 
inhibitor of glucosylceramide synthesis in the production of a medicament for the 
20 treatment of a condition treatable by the administration of a ganglioside such as GM1 

ganglioside. Examples of such conditions are Parkinson's disease, stroke and spinal^ord 
injuries. 

The medicament may further comprise a ganglioside such as GM1 ganglioside. 

25 

The invention also provides, in a ninth aspect, a product comprising an inhibitor of 
glucosylceramide synthesis and a ganglioside (preferably GM1 ganglioside) as a 
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combined preparation for simultaneous, sequential or separate use in the treatment of a 
condition treatable by the administration of a ganglioside, such as GM1 ganglioside. 

Methods and processes for the production of N-butyldeoxynojirimycin can be found for 
example in US-A-4182767, EP-B-0012278, EP-A-0624652, US-A-4266025, US-A- 
4405714 and US-A-5151519 for example. 

In other aspects, the present invention provides: 

(a) a method for the treatment of Niemann-Pick type C disease which comprises 
administering to a subject in need thereof a therapeutically effective amount of a 
glucosylceramide synthesis inhibitor; 

(b) a method for the treatment of Niemann-Pick type C disease which comprises 
administering to a subject in need thereof a therapeutically effective amount of N- 
butyldeoxynojirimycin; 

(c) a method for the treatment of Niemann-Pick type C disease which comprises 
administering to a subject in need thereof a therapeutically effective amount of an 
agent capable of increasing the rate of degradation of neuronal glycolipids; 

(d) a method for the treatment of Alzheimer's disease or epilepsy which comprises 
administering to a subject in need thereof a therapeutically effective amount of a 
glucosylceramide synthesis inhibitor; 

(e) a method for the treatment of Alzheimer's disease or epilepsy which comprises 
administering to a subject in need thereof a therapeutically effective amount of N- 
butyldeoxynojirimycin; 

(f) a method for the treatment of Alzheimer's disease or epilepsy which comprises 
administering to a subject in need thereof a therapeutically effective amount of an 
agent capable of increasing the rate of degradation of neuronal glycolipids; 


WO 00/62780 


8 


PCT/GB00/O1S63 


(g) a method for the treatment of a condition treatable by the administration of a 
ganglioside, such as GM1 ganglioside, which comprises administering to a subject 
in need thereof a therapeutically effective amount of a glucosylceramide synthesis 
inhibitor; 

(h) a method for the treatment of a condition treatable by the administration of a 
ganglioside such as GM1 ganglioside which comprises administering to a subject 
in need thereof a therapeutically effective amount of N-butyldeoxynojirimycin; 

(i) a method for the treatment of a condition treatable by the administration of a 
ganglioside such as GM1 ganglioside which comprises administering to a subject 
in need thereof a therapeutically effective amount of an agent capable of 
increasing the rate of degradation of neuronal glycolipids. 

The medicaments described herein and which are also for use in the methods provided 
herein, may include one or more of the following: preserving agents, solubilising agents, 
stabilising agents, wetting agents, emulsifiers, sweeteners, colorants, odourants, salts, 
buffers, coating agents or antioxidants. They may also contain therapeutically active agents 
in addition to the compounds and/or agents described herein. 

Routes of Administration 

The medicaments may be adapted for administration by any appropriate route, for example 
by the oral (including buccal or sublingual), rectal, nasal, topical (including buccal, 
sublingual or transdermal), vaginal or parenteral (including subcutaneous, intramuscular, 
intravenous or intradermal) route. Such a composition may be prepared by any method 
known in the art of pharmacy, for example by admixing the active ingredient with a carrier 
under sterile conditions. 

Various routes of administration will now be considered in greater detail: 
(i) Oral Administration 
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Medicaments adapted for oral adniinistration may be provided as capsules or tablets; as 
powders or granules; as solutions, syrups or suspensions (in aqueous or non-aqueous 
liquids); as edible foams or whips; or as emulsions. 

Tablets or hard gelatine capsules may comprise lactose, maize starch or derivatives thereof, 
stearic acid or salts thereof. 

Soft gelatine capsules may comprise vegetable oils, waxes, fats, semi-solid, or liquid 
polyols etc. 

Solutions and syrups may comprise water, polyols and sugars. For the preparation of 
suspensions oils (e.g. vegetable oils) may be used to provide oil-in-water or water-in-oil 
suspensions. 

(ii) Transdermal Administration 

Medicaments adapted for transdermal administration may be provided as discrete patches 
intended to remain in intimate contact with the epidermis of the recipient for a prolonged 
period of time. For example, the active ingredient may be delivered from the patch by 
iontophoresis (Iontophoresis is described in Pharmaceutical Research, 3(6):31« (1986)). 

(Hi) Topical Administration 

Medicaments adapted for topical administration may be provided as ointments, creams, 
suspensions, lotions, powders, solutions, pastes, gels, sprays, aerosols or oils. 


For infections of the eye or other external tissues, for example mouth and skin, a topical 
ointment or cream is preferably used. When formulated in an ointment, the active 
ingredient may be employed with either a paraffinic or a water-miscible ointment base. 
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Alternatively, the active ingredient may be formulated in a cream with an oil-in-water base 
or a water-in-oil base. 

Medicaments adapted for topical administration to the eye include eye drops. Here the 
active ingredient can be dissolved or suspended in a suitable carrier, e.g. in an aqueous 
solvent. 

Medicaments adapted for topical administration in the mouth include lozenges, pastilles and 
mouthwashes. 

(iv) Rectal Administration 

Medicaments adapted for rectal administration may be provided as suppositories or enemas. 

(v) Nasal Administration 

Medicaments adapted for nasal administration which use solid carriers include a coarse 
powder (e.g. having a particle size in the range of 20 to 500 microns). This can be 
administered in the manner in which snuff is taken, i.e. by rapid inhalation through the nose 
from a container of powder held close to the nose. 

Compositions adopted for nasal administration which use liquid carriers include nasal sprays 
or nasal drops. These may comprise aqueous or oil solutions of the active ingredient. 

Medicaments adapted for administration by inhalation include fine particle dusts or mists, 
which may be generated by means of various types of apparatus, e.g. pressurised aerosols, 
nebulisers or insufflators. Such apparatus can be constructed so as to provide 
predetermined dosages of the active ingredient. 


(vi) Vaginal Administration 
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Medicaments adapted for vaginal administration may be provided as pessaries, tampons, 
creams, gels, pastes, foams or spray formulations. 

(vii) Parenteral Administration 

Medicaments adapted for parenteral administration include aqueous and non-aqueous sterile 
injectable solutions or suspensions. These may contain antioxidants, buffers, bacteriostats 
and solutes which render the compositions substantially isotonic with the blood of an 
intended recipient. Other components which may be present in such compositions include 
water, alcohols, polyols, glycerine and vegetable oils, for example. Compositions adapted 
for parenteral adininistration may be presented in unit-dose or multi-dose containers, for 
example sealed ampoules and vials, and may be stored in a freeze-dried <lyophilised) 
condition requiring only the addition of a sterile liquid carrier, e.g. sterile water for 
injections, immediately prior to use. Extemporaneous injection solutions and suspensions 
may be prepared from sterile powders, granules and tablets. 

Dosages 

Dosages will be readily determinable by routine trials, and will be under the control 
of the physician or clinician. The guiding principle for determining a suitable dose 
will be delivery of a suitably efficacious but non-toxic, or acceptably toxic, amount 
of material. For NB-DNJ or a similar compound, a daily dosage for an adult could 
be expected to be in the range of from 1 mg to 2 g of active agent, and may be in the 
range of from 100 to 800 mg, or 300 to 600 mg. The dosage may be administered 
in a single daily dose or alternatively in two, three or more doses during the day. 

Preferred features of each aspect of the invention are as for each of the other aspects. 
mutatis mutandis. 

In the accompanying drawings: 
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Figure 1 is a schematic representation of the synthesis and degradation of 
glucosylceramide-containing glycolipids. Examples of genetic diseases resulting from a 
defect in one of the enzymes required for glycolipid degradation are indicated. The 
enzyme reaction inhibited by N-butyldeoxynojirimycin to decrease the synthesis of 
5 glucosylceramide-containing glycolipids is also shown. 

The invention will now be described with reference to the following examples, which 
should not in any way be construed as limiting the scope of the invention. 

10 

EXAMPLES 

Example 1 - Inhibition of clinical and pathological symptoms in a feline model of NPC 

15 

A domestic cat model of Niemann-Pick C has been described that demonstrates the 
disorder's characteristic liver storage of cholesterol, glucosylceramide, lactosylceramide 
and phospholipids, and neuronal storage of GM2 and GM3 gangliosides (Lowenthal ei al 
(1990) Ada NeuropathoL (Berl) 81:189-197). A breeding colony for this animal model 
20 of NPC is being maintained to study the disease and its potential treatments (Brown et al 
(1996) 7. Inherit Metab. Dis. 19:319-330; ). NPC cats exhibit clinical signs of the 
disease beginning around 2-3 months with ataxia and titubation, and progress to severe 
ataxia and death by around 10-12 months. 

25 From seven feline NPC carrier litter mates, normal and NPC-affected male and female 
cats were selected for the study. The affected female and unaffected male began 
treatment with NB-DNJ at 1200 mg/kg/day. This administration level proved to be 
acutely hepatotoxic to the cats, so the treatments quickly had to be ceased. During a 
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brief recovery period for these animals, an unrelated normal cat was treated to determine 
the maximum tolerated dose for NB-DNJ in this species. Based on this dose-ranging 
work, the NPC-affected and unaffected litter mates were restarted with NB-DNJ at 50 
mg/kg/day. Over the following weeks, the administration level was increased to 150 
5 mg/kg/day. This dose, too, proved to be hepatotoxic, so the administration level was 
maintained thereafter at 100 mg/kg/day. Except for brief intervals when the treatments 
were withheld because of transient appetite loss, the NB-DNJ dosages were continued for 
about three months. On this date, the animals were sacrificed for histologic and lipid 
analyses. 

10 

The following sections highlight the medical and neurologic findings for the study 
animals. 

Cat number: S219 
15 Status: Normal, non-treated 
Date of Birth: 4 Nov., 1997 
Gender: Male 

This cat had an unremarkable developmental course throughout the treatment period, 
with normal behaviour, mobility and reflexes. He also underwent a normal weight gain, 
20 reaching about 3.6 kg by the end of the treatment period. He was not subjected to 
neurologic assessments during the treatment period. 

Cat number: S218 
Status: Normal, NB-DNJ -treated 
25 Date of Birth: 4 Nov., 1997 
Gender: Female 

This cat had an unremarkable Developmental course before her treatment period with 
NB-DNJ began. Her starting dose of 1200 mg/kg/day of NB-DNJ proved to be acutely 
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hepatotoxic, causing a dramatic elevation in her serum levels of liver enzymes. She 
appeared to fully recover from the hepatotoxicity following a two week non-treatment 
period, so she was restarted on NB-DNJ at an eventual dosage of 100 mg/kg/day. 
During the remaining course of the treatment period, she exhibited some symptoms 
5 which appeared to be drug-related. Her appetite was significantly less than that of a 
normal cat, requiring her to be hand-fed during some intervals. Her weight gain 
reflected her depressed appetite, as she weighed only about 2.4 kg at the end of the 
treatment period. A normal female cat would be expected to weigh about 4 kg at a 
similar age. However, while she was exceptionally small for her age, she did not show 
10 symptoms of emaciation (e.g. muscle wasting, lethargy). Her hair colour also appeared 
to be affected by the NB-DNJ treatment. Her fur became markedly more beige than any 
other cat in the colony during the course of the treatments, even more so than the other 
NB-DNJ-treated animal (S222, see below). She was not subjected to neurologic 
assessments during the treatment period. 

15 

Cat number: S221 
Status: NPC-affected, non-treated 
Date of Birth: 4 Nov., 1997 
Gender: Male 

20 This cat had an unremarkable developmental course until he began exhibiting the 

characteristic head tremors and ataxia of feline NPC at about 10 weeks of age. Over the 
course of the next 20 weeks, his disease symptoms slowly worsened. By the end of the 
treatment period, be exhibited marked ataxia and head tremors, and required hand- 
feeding to maintain body weight. The following is a tabulation of his neurologic and 

25 medical findings: 
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Week 

Front leg 
Hopping 

Rear leg 
hopping 

Vision - 
menace 

Ataxia 

Intention 
Tremors 

Weight 
(glens)* 

6.5 

2 

2 

2 

none 

None 

544 

12.5 

2 

2 

0.5 

none 

Mild 

994 

16 

2 

2 

1 

none 

Mild 

1529 

18.5 

2 

1.5 

1 

none 

Mod 

1780 

20.5 

2 

2 

2 

mild 

Mod 

1906 

22.5 

2 

1.5 

0.5 

mild 

Mod 

1990 

24.5 

2 

1.5 

0.5 

- 

Mod 

2090 

26.5 

2 

1.5 

0.5 

mod 

Mod 

2140 

29 

2 

1.5 

0.5 

mild 

Mod 

2270 

30.5 

1.5 

1 

0.5 

mod 

Mod 

2337 

32.5 

2 

1 

0.5 

mild 

Mod 

2448 


measured within 10 days before corresponding neuronal assessment 


Cat number: S222 

Status: NPC-qffected, NB-DW-treated 
5 Date of Birth: 4 Nov., 1997 
Gender: Female 

This cat had an unremarkable developmental course until she began exhibiting the 
characteristic head tremors and ataxia of feline NPC at about 10 weeks of age. She also 
was noted to have bilateral luxating patellas at about the same time- As with S218,-her 

10 starting dose of 1200 mg/kg/day of NB-DNJ was acutely hepatotoxic. After a no- 
treatment recovery period, her eventual dosage of NB-DNJ at 100 mg/kg/day was 
reasonably well handled. Her appetite was significantly reduced relative to bo«h normal 
and NPC- affected cats, requiring her to be hand-fed often. Over the course ofthe next 
20 weeks, her disease symptoms slowly worsened. However, on several occasions it 

15 was noted by the consulting neurologist that her symptoms were less severe than those of 
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S221 . As with her affected sib, by the end of the protocol she exhibited significant 
ataxia and head tremors, and she required continual hand-feeding. She too had the light- 
coloured fur effect of NB-DNJ treatment that was noted for S218. The following is a 
tabulation of her neurologic and medical findings: 




Week 

ftoppqig 

hopping 

fisfoti- 
Menace 

Ata3da 

f ■ ^ . 

Intend 
tremors 

Weight K 

6.5 

2 

2 

2 

none 

none 

522 

12.5 

2 

r 

1 

none 

mild 

965 

16 

2 

2 

1 

none 

mild 

1265 

18.5 

2 

1.5 

1.5 

none 

mild 

1390 

20.5 

2 

2 

.5 

none 

mod 

1453 

22.5 

1.5 

1.5 

1 

none 

mild 

1469 

24.5 

2 

2 

1 

none 

mod 

1495 

26.5 

2 

1.5 

1 

none 

mild 

1525 

29 

2 

1 

1 

mod 

mod 

1565 

30.5 



1 

mild 

mod 

1590 

32.5 

1 

1 

0.5 

mod 

mod 

1677 


* measured within 10 days before corresponding neuronal assessment 

* diagnosed with bilateral luxating patellas 


Cat number: SI 61 
Status: Normal, NB-DNJ -treated 
Date of Birth: 17 July, 1995 
Gender: Female 

This cat, unrelated to the four others in the study, was included in the study to range the 
maximum tolerated dose of NB-DNJ in this species. Her development was unremarkable 
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at the time when the treatments began, save for the fact that she had a grade 3/4 heart 
murmur due to valvular insufficiency. She began treatment with 50 mg/kg/day of NB- 
DNJ on 15 March, 1998, Increasing her dose to 200 mg/kg/day brought on symptoms of 
lethargy, g.i. distress and increased levels of liver enzymes into her serum. Her dosage 
5 was decreased to 100 mg/kg/day for the duration of the treatment period. While her 
appetite and overall responsiveness were decreased at this dose level, her health was 
sufficiently robust to maintain the treatments. Nonetheless, towards the end of the 
treatment period, she needed to be hand-fed to maintain her body weight. Thus, NB- 
DNJ treatment qualitatively delays the symptoms of neurologic degeneration typical for 
10 NPC in cats. 

The following sections highlight the histologic and lipid analysis findings for the study 
animals. As with humans, there is an increased expression of gangliosides in feline NPC 
neurons. Immunocytochemistry demonstrates numerous ganglioside immunoreactive 
15 neurons in the cerebral cortex and cerebellum. There is a corresponding increase in 
neuronal ganglioside level and histology changes seen in NPC humans. Importantly, 
NPC cats exhibit ectopic dendrite growth similar to that seen in human children with this 
disease (March et al (1997) Acta Neuropaihol. 94:164-172). 

20 Immunocytochemical studies with anti-GM2 ganglioside antibodies were used to probe 
for ganglioside expression in treated vs. untreated cats in a qualitative manner. Both 
normal cats, regardless of treatment status, did not display GM2 immunoreactivity in 
pyramidal cells of the cerebral cortex, Purkinje cells, or cells within the granular lay^r of 
the cerebellum. In the NPC cat that was not treated with NB-DNJ, punctate vesicular 

25 GM2 labelling was extensive and intensely labelled numerous pyramidal cells of the 

cerebral cortex which also displayed meganeurites. Also, Purkinje cells of die cerebral 
cortex and the entire granular cell layer displayed extensive GM2 labeling. In the NPC 
cat treated with NB-DNJ, GM2 labelling was observed in the cerebral cortex, but was 
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qualitatively less severe compared to the untreated cat. In the cerebellum, the granular 
cell layer was largely devoid of GM2 immunoreactivity, suggesting that ganglioside 
storage had been qualitatively diminished relative to that seen in the untreated NPC cat. 
Purkinje cells also demonstrated qualitatively less GM2 labelling. Thus, NB-DNJ 
5 treatment qualitatively decreases the accumulation of glucosylceramide-containing 
glycolipids (e.g. GM2) typical for NPC in cats. 

Example 2 - Inhibition of clinical and pathological symptoms in a mouse model of NPC 

10 Colonies of mutant mice expressing the NPC phenotype have been described (Pentchev et 
a/., 1984, Miyawaki et aL, 1986; Kitagawa, 1987), and has been validated by a number 
of criteria as an authentic model of the disease (Akaboshi et a/., 1997). NPC mice 
display clinical signs of the disease around 6-8 weeks of age with mild intention tremor 
and ataxia. By 9 weeks, the mice exhibit severe ataxia, tremors and weight loss. Death 

15 results by 10-12 weeks. 

The brains of NPC mice are grossly normal. However, microscopic examination reveals 
swollen somata, meganeurite formation and enlarged axon hillock regions of cortical 
pyramidal neurons. Meganeurites and neuritic tufts appear in amygdala neuron. White 

20 matter and Purkinje cells display axonal spheroids. Anti-ganglioside antibody staining 
shows increased GM2 levels primarily in laminae II/III and V pyramidal neurons, and 
astrocytes in layer L GD2 levels are elevated in pyramidal neurons throughout the 
cerebral cortex. Moderate increases are also seen for level of GM3 in layer VI, and 
GM1 in pyramidal neurons. There is no corresponding change in CD3 or asialo-GM2 

25 levels in NPC mouse brains. 


Breeding pairs of mice heterozygous for the mutation causing NPC were used to produce 
offspring that are NPC'~ homozygotes. These animals, along with their normal wildtype 
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littermates, were used in the following NB-DNJ drug study. Where indicated, NB-DNJ 
was administered daily by mixing with ground mouse chow. Mice were PGR genotyped 
2-3 weeks of age to determine their genetic background. 

5 Ten NPC" mice, with ages ranging from 3-7 weeks, were entered into a treatment study. 
Seven were treated with 1200 mg/kg/day and six were untreated. Regardless of 
treatment, NPC mice between the ages of 0-5 weeks did not display any features of the 
NPC phenotype. However, by 8 weeks of age, 5 out of 6 untreated NPC 7 " mice 
displayed the clinical phenotype of their disease (intention tremor, ataxia), while none of 

10 the NB-DNJ displayed any symptoms of neurologic effects. All six of the untreated mice 
showed severe neurologic impairment by 9 weeks of age, whereas only 4 of 7 NB-DNJ 
treated mice displayed any degree of symptoms. By 10 weeks of age, all six untreated 
NPC'" mice died or were sacrificed according to veterinary animal care requirements. In 
contrast, 4 of 7 NPC' mice treated with NB-DNJ lived into their twelfth week. Three 

15 of these four surviving mice displayed some degree of NPC-induced neural degeneration, 
while one appeared normal. In this experiment, untreated NPC 7 " mice survived 65 ± 1 
days (average ± SE; n = 6), while NPC 7 " mice treated with NB-DNJ at 1200 mg/kg/day 
survived 88 ± 4 days (n = 7). Thus, NB-DNJ treatment increase longevity in NPC 
mice by 26% in this study, as well as qualitatively delaying the symptoms of neurologic 

20 degeneration typical for NPC in mice. 


5 


WO 00/62780 PCT/GB00/O1S63 

20 

CLAIMS: 

1 . The use of an inhibitor of glucosylceramide synthesis in the manufacture of a 
medicament for use in the treatment of Niemann-Pick type C disease. 

2. The use of an inhibitor of glucosylceramide synthesis in the treatment of 
Alzheimer's disease. 


3. The use of an inhibitor of glucosylceramide synthesis in the treatment of epilepsy. 

10 

4. The use as claimed in claim 1 , 2 or 3, wherein the inhibitor is one or more imino 
sugar- structured inhibitors of glucosylceramide synthesis. 

5. The use as claimed in claim 4, wherein the inhibitor comprises one or more of N- 
15 butyldeoxynojirimycin, N-butyldeoxygalactonojirimycin and N-nonyldeoxynojirimycin. 

6. The use as claimed in any preceding claim, wherein the inhibitor comprises 1 - 
phenyl-2-decanoylamino-3-morpholino-l-propanol (PDMP), D~threo- 1 -phenyl-2- 
decanoylamino-3-morpholino-l-propanol or a structurally related analogue thereof. 

20 

7. The use as claimed in any preceding claim, wherein the inhibitor comprises one or 
more of a nucleic acid coding for a protein or peptide capable of inhibiting 
glucosylceramide synthesis, and an antisense sequence or catalytic RN A capable of 
interfering with the expression of enzymes responsible for glucosylceramide synthesis. 

25 

8. The use of N-butyldeoxynojirimycin in the manufacture of a medicament for use 
in the treatment of Niemann-Pick type C disease. 
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9. The use of an agent capable of increasing the rate of neuronal glycolipid 
degradation in the manufacture of a medicament for use in the treatment of Niemann- 
Pick type C disease. 

5 10. The use of an agent capable of increasing the rate of neuronal glycolipid 

degradation in the manufacture of a medicament for use in the treatment of Alzheimer's 
disease. 

1 1 . The use of an agent capable of increasing the rate of neuronal glycolipid 

10 degradation in the manufacture of a medicament for use in the treatment of epilepsy. 

12. The use as claimed in claim 9, 10 or 11, wherein the agent comprises one or 
more of an enzyme which degrades neuronal glycolipids, a molecule which increases the 
activity of such an enzyme, and a nucleic acid sequence (DNA or RNA) which codes for 

15 such an enzyme. 

13. The use of an inhibitor of glucosylceramide synthesis in the production of a 
medicament for the treatment of a condition treatable by the administration of a 
ganglioside. 

20 

14. The use as claimed in claim 13, wherein the condition is treatable by the 
administration of GM1 ganglioside. 

15. The use as claimed in claim 13 or claim 14, wherein the condition is Parkinson's 
25 disease, stroke or a spinal cord injury. 

16. The use as claimed in claim 13, 14 or 15, wherein the medicament further 
comprises a ganglioside. 


WO 00/62780 


PCT/GB00/01S63 


22 


17. The use as claimed in claim 16, wherein the ganglioside is GM1 ganglioside. 

18. A product comprising an inhibitor of glucosylceramide synthesis and a 
ganglioside as a combined preparation for simultaneous, sequential or separate use in the 
treatment of a condition treatable by the administration of a ganglioside. 

19. A product as claimed in claim 18, wherein the ganglioside is GM1 ganglioside. 
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Present claims 1-4,7,13-19 relate to a compounds, compositions and their 
therapeutic uses defined by reference to a desirable characteristic or 
property, namely "an inhibitor of glucosylceramide synthesis". Morover, 
claim 7, claims 9-12 relate to compounds and their therapeutic uses 
defined by reference to the desirable characteristics or properties "a 
nucleic acid coding for a protein or peptide capable of inhibiting 
glucosylcer amide synthesis", "an antisense sequence or catalytic RNA 
capable of interfering with the expression of enzymes responsible for 
glucosylcer amide synthesis", "an agent capable of increasing the rate of 
neuronal glycol ipid degradation", "an enzyme which degrades neuronal 
glycolipids", "a molecule which increases the activity of such ah 
enzyme", "a nucleic acid sequence <DNA or RNA) which codes for such an 
enzyme". 

The claims cover all compounds, compositions and their therapeutic uses 
having this characteristic or property, whereas the application provides 
support within the meaning of Article 6 PCT and/or disclosure within the 
meaning of Article 5 PCT for only a very limited number of such 
compounds, compositions and their therapeutic uses. In the present case, 
the claims so lack support, and the application so lacks disclosure, that 
a meaningful search over the whole of the claimed scope is impossible. 
Independent of the above reasoning, the claims also lack clarity (Article 
6 PCT). An attempt is made to define the compounds, compositions and 
their therapeutic uses by reference to a result to be achieved. Again, 
this lack of clarity in the present case is such as to render a 
meaningful search over the whole of the claimed scope impossible. 
Moreover, present claims 13-14,16-19 relate to a therapeutic application 
defined as "a treatment of a condition treatable by administration of a 
ganglioside". The definition is not a clear and unequivocal description 
of a therapeutic application. The expression "a structurally related 
analogue" is vague and indeterminate (claim 6). 
Consequently, the search has been carried out for those parts of the 
claims which appear to be clear, supported and disclosed, namely those 
parts relating to the compounds for which pharmaceutical data are 
provided in the examples and the compounds specifically mentioned in 
claims 5, 6, 8 and the diseases specifically mentioned in claims 1-3, 
8-11 and 15, with due regard to the general idea underlying the 
application. 

Claims searched partially: 1-19. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66. He) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any -Chapter II procedure. 
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